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• Multiple herbicides are often used in agricultural fields to control diverse crop
weeds, however many of these herbicides alone, or together, may affect
important non-target beneficial animals in these systems such as spiders
(Pekár 2012).
• The spider community accounts for a substantial removal of pest biomass in
these systems, and plays an essential role in pest control (Riechert & Lockley
1984). The wolf spider Pardosa milvina is particularly prevalent in many
agricultural fields, occurring year round and at high densities (Marshall et al.
2002). Because of their consistent presence, they may be particularly
susceptible to herbicide exposure especially during pre-emergence crop
spraying.
• While many herbicide manufacturers have released information regarding the
safety of their chemicals, supporting data from studies that accurately simulate
the typical mechanism and duration of exposure are lacking.
• The areas surrounding Susquehanna University’s campus in Selinsgrove, PA
provided a unique opportunity to investigate the impact of these compounds on
populations of Pardosa milvina from fields that have been differentially
exposed. We compared spider susceptibility to herbicides from a field that had
been sprayed routinely for over 20 years with five different herbicides
(“conventional field”, Table 1) with a field that had not been sprayed for the last
12 years (“no herbicide field”).
• We investigated the effects of five commonly applied herbicides (atrazine, S-
metolachlor, rimsulfuron, mesotrione, glyphosate), as well as a combination of
all five on the long-term survival of male and female Pardosa milvina.
• Our goals were to 1) simulate field application levels and exposure by spraying
a topsoil substrate with recommended dosages of each compound before
introducing each spider, and 2) measure lethal effects, including those that may
be delayed beyond the initial exposure to each compound
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Measuring Mortality
• Spiders were fed and watered weekly, 
and checked for mortality daily.
• Any spider found unresponsive was 
rechecked after 24 hours to confirm 
death.
• Both mesotrione and a combination of all five herbicides have
highly significant negative effects on P. milvina survival relative
to a control (Figure 1).
• Mesotrione showed dramatic effects on mortality, and no published study has
demonstrated such effects, possibly because the effects are not visible until
roughly a week post-exposure.
• The atrazine and S-metalachlor treatments are also significantly
different from the distilled water control, resulting in a slight
positive effect on mortality (Figure 1).
• It is possible that these herbicides may act as a stimulant resulting in a hormetic
effect. This pattern may also explain why the combination of all five herbicides
was significantly less lethal than mesotrione alone with atrazine and S-
metalachlor acting as antagonists to mesotrione.
• Both sex and collection site showed significant effects on
mortality of P. milvina, as well as complex interactions with
treatment (Figure 2, Table 2).
• Male and female spiders have significant differences in survival even in the
absence of herbicides, but these effects also show interactions with treatment
group.
• In general, spiders from the untreated field (“no herbicide”) showed significantly
lower mortality than those from the conventional field, though this effect also
showed a complex interaction with treatment group.
• These results show that chronic exposure to common
herbicides (at manufacturer recommended field dosages) can
result in lethal effects to a non-target pest predator. More
studies are needed that simulate field conditions to fully
understand the complex effects that these compounds may be
having on agricultural ecosystems and their collective impact
on integrated pest management.
• Do common herbicides have lethal effects on P. milvina?
• Do male and female P. milvina show differences in survival when 
exposed to common herbicides?
• Do populations with different exposure histories show 
differences in survival when exposed to common herbicides?
Figure 1. The number of days alive across each herbicide treatment (Survival Regression, 
Kaplan-Meier Model, Log-Rank Test; p=0.0001, N = 1214, n = 173).
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Figure 2. The average days alive for each treatment per site collected and male (left) vs 
female (right) ± S.E. (N = 1214, n = 43).
Collection & Maintenance
• Male and female Pardosa milvina were collected from
two field sites (no herbicide/conventional)
• Each individual spider was kept in a plastic deli cup (8 
cm dia.) lined with 16g Gardenscape Brand Top Soil 
(organic)
• Spiders were fed once a week, and distilled water was
added to retain moisture levels as needed
Herbicide Exposure
• We established seven treatments, including five common 
herbicides (atrazine, glyphosate, mesotrione, S-metolachlor, 
rimsulfuron) diluted to recommended levels for pre-
emergence field application, a combination of all five 
herbicides (simulating the exposure in the conventional field, 
Table 1), and a distilled water control.
• We removed each spider from its container, and sprayed a 
mist of 1.2mL of the treatment mixture via a spray bottle.
• Spiders were immediately reintroduced into the container and 
housed for the remainder of the experiment (53 days)
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Table 1. Nine-year spray history of the “conventional field” site. The site was
cultivated with standard crop rotation practices and was regularly sprayed (in
some combination) with all five of the compounds tested. The most recent three
years involved a combination of all five.
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Year Crop Atrazine Glyphosate Mesotrione Rimsulfuron S-Metolachlor
2011 Corn X X X X
2012 Barley
2013 Corn X X X X X
2014 Corn X X X X X
2015 Soybean X
2016 Wheat
2017 Corn X X X X X
2018 Soybean X X X X X
2019 Corn X X X X X
Treatment F P-value
Herbicide 47.20 0.0001***
Sex 65.86 0.0001***
Collection Site 6.91 0.0087**
Herbicide * Sex 3.86 0.0008***
Herbicide * Collection Site 2.81 0.0102*
Sex * Collection Site 1.27 0.2601
Herbicide * Sex * Collection Site 1.20 0.3047
Table 2. Three-way 
ANOVA for the main 
effects and interactions 
between herbicide 
treatment, collecting site, 
and sex of the spider on 
days alive after 
application(N = 1214, n 
=43 ).
Spider Mortality
Herbicide use in crop systems has increased dramatically over the last fifty years yet the
effects of chronic exposure to these chemicals on beneficial non-target arthropods have
been poorly tested. We tested the lethal effects of field-relevant dosages of five
commonly used herbicides on the economically important wolf spider, Pardosa milvina.
Tested herbicides included atrazine, S-metolachlor, rimsulfuron, mesotrione, glyphosate,
a mixture of all five herbicides, and a distilled water control. Spiders were housed
individually in containers with topsoil previously sprayed with a recommended herbicide
dosage or a water control. Tested spiders were collected from two nearby fields; one
field was kept under continuous crop rotation for over twenty years and sprayed with
various combinations of all of these herbicides (“conventional field) while the other site
had no pesticide application for the last 12 years but was maintained under alfalfa
cultivation (“no herbicide field”). Adult male and female spiders from each plot were
exposed to the seven herbicide treatments (N=1,214, n= 43 spiders across 28
treatments). Spiders were maintained on these soil substrates for 52 days, fed weekly,
and checked for mortality daily. We found significant herbicide treatment effects, with
mesotrione being particularly lethal to wolf spiders while atrazine and S-metolachlor had
modest, but significantly higher survival than the control group. We also found significant
differences and treatment interactions by sex and collecting site. In general, male
spiders showed significantly shorter survival and spiders from the pesticide-free site had
longer survival than spiders collected from a field maintained under constant crop
rotation. The mesotrione-treated spiders had significantly poorer survival than even the
combined herbicide treatment suggesting a complex antagonistic interaction of some of
these herbicides on wolf spider survival. Given that species of Pardosa are found on six
continents and occur at high densities in most agricultural systems, use of mesotrione
may be particularly counterproductive in systems that rely on integrated pest
management and biocontrol using generalist arthropod predators
